In the genus Klebsiella, the 
The growth of organisms in some defined temperature range is an important physiological trait that has useful applications for both taxonomists and environmental microbiologists. Growth at low and high temperatures is used as an aid in the differentiation of species of lactobacilli and streptococci (4, 19) . Growth and gas production from lactose at 44.5°C by a coliform defines its origin from fecal material (1, 10).
A number of approaches have been used to resolve the public health significance of Klebsiella in the environment. This includes the importance oftemperature as measured in the fecal coliform (FC) response and thermotolerance (anaerogenic growth at 44.50C, [2, 7, 8] ). Nearly all Escherichia coli isolates are FCs, and some 85% of the clinical Klebsiella isolates also conform to the operational definition of an FC (2, 7, 10) . However, a smaller and more variable percentage of the environmentally derived Klebsiella are FC positive (FC+; 2, 7, 8) .
By using the technique of deoxyribonucleic acid hybridization, considerable molecular heterogeneity was demonstrated among isolates of Klebsiella and in particular those derived from the environment (16) . Others have commented on published inconsistencies in the methyl red and Voges-Proskauer reactions, whereas some have recommended species status (K. oxytoca) for indole-producing (I+), anaerogenic Klebsiella isolates (5, 20, 21) . Von Reisen demonstrated that 11 of 11 I+ Klebsiella also hydrolyze pectin, but no documented studies were made on indole-negative (I-) isolates (21) . These studies have collectively complicated the interpretation as to the origin, species diversity, and significance of environmentally derived isolates of Klebsiella.
In an effort to resolve these complex ecological and taxonomic issues, the present study was initiated to determine the growth response of Klebsiella isolates at low temperatures. The rationale was based on the expectation that environmentally derived isolates may have lower miniimum growth temperatures and, therefore, might be distinguished from cultures of more recent warm-blooded origins. In this study it will be demonstrated that a unique relationship, having both ecological and taxonomic significance, exists between Klebsiella isolates that ferment lactose at 44.5°C (an FC) and growth in nutrient broth at 100C. This temperature relationship also correlates with indole production and pectin liquefaction. (4, 9) .
MATERIALS AND METHODS

Cultures
Temperature gradient experiments. A total of 12 Klebsiella from various habitats were incubated in a temperature gradient incubator (Scientific Industries, Inc.) for 6 days. The chosen temperature ranged from 5.9 ± 0.3 to 14.8 ± 0.5°C for the 16 tubes used for each isolate. Growth from an isolated colony on nutrient agar (Difco Laboratories) was placed into 5 ml of nutrient broth in tubes (16 by 147 mm) and incubated statically at 35°C for 12 h. After incubation, the culture turbidity (extrapolated from 1:10 dilution) was typically 0.4 to 0.8 optical density (OD) units at 600 nm. 0.1-ml amount of a 10-l dilution (nutrient broth diluent) was placed into 9.9 ml of temperature-equilibrated nutrient broth and inserted into the gradient incubator. Growth was measured in a Bausch and Lomb Spectronic 20 turbidimeter. The OD at 600 nm was recorded at 0, 12, 24 h and at 8-to 12-h intervals thereafter for 6 days.
Growth determinations at 10°C. Cultures grown as above for 12 h were inoculated (1:500 final dilution) into 5 FC reaction. The media used for the FC assay included EC broth and mFC agar (Difco Laboratories). Time and temperature of incubation followed standard methods (1). Test responses were recorded as previously described (2) .
Indole production and pectin liquefaction. Production of indole from tryptophan was determined by standard techniques (9) . Pectin liquefaction was detected on a plate medium (9, 21) in disposable petri dishes (15 by 100 mm). The test culture was heavily inoculated in a localized area such that after growth the colony was some 10 mm in diameter. Sinking of the colony due to pectin liquefaction after 2 days at 350C was considered a positive test.
RESULTS
The growth of 12 (Fig. 1) . The corresponding temperature has been designated as the "apparent minimum growth temperature" (AMGT) for 72 h of incubation in this experimental system. Table 1 summarizes the AMGT and FC response for isolates grown in the temperature gradient. Although there was no correlation between the AMGT and habitat of origin, it was discovered that an inverse correlation exists between the response in the FC test and growth at 10°C. To the best of our knowledge, the lack of growth at 10°C by some Klebsiella isolates represents the first independent physiological trait found that correlates with the operational definition of an FC.
The extent of this relationship was examined by comparing growth at 10°C of 198 Klebsiella isolates with their response in the FC test. The data are shown in Fig. 2 Fig. 2 appears to consist of two separable frequency distributions. Through a process of inspection of the results of many cultural tests, the two peaks were resolved on the basis of indole production by some of the FC-isolates (Fig. 3) . In general, FC-Klebsiella isolates that were indole negative (I-; right side of graph) exhibited the greatest growth response at 10°C after 72 h of incubation (average OD = 0.20 + 0.07). The 1+ isolates showed a smaller growth response (0.15 ± 0.06). When pectin hydrolysis was considered along with indole production, nearly all of the I+ isolates hydrolyzed pectin, whereas the I-isolates were usually pectin negative (P-). The exceptions to these combinations of reactions are indicated in the shaded areas of Fig. 3 . The major areas of overlap in the frequency distributions, thus, were composed of isolates that exhibited reciprocal responses in the indole and pectin reactions (I-P+, I+P-). A total of five groups could be distinguished on the basis of the responses studied (Table 2) . Over 90% of the isolates can be placed into groups I through III. (20) . These isolates have been described as giving a negative response in EC broth when incubated at 450C (20) . In the present survey, 44.50C was employed to be consistent with U.S. standards for the operational definition of an FC (1). The discovery that these FC-isolates grow at 100C and that indole production correlates with pectin liquefaction adds significance to the previously proposed species status of K. oxytoca (20, 21 The extent of culture growth in 72 h at 100C (Fig. 3) remarkably paralleled the level of relative reassociation to the K. pneumoniae neotype strain reported in a previous study (16) . Isolates of group I have high homology (285%) to the neotype K. pneumoniae, are FC+, and, therefore, do not grow at 100C. The FC-isolates of groups II and III of known homology levels are represented by five isolates that all have less than 70% relative reassociation to the neotype strain. Isolates of group III exhibit both intermediate growth levels at 100C (Fig. 3) and intermediate levels of relative reassociation (isolates UOMS-1 and V-112, 40 and 70% homology [16] ). Group II isolates that show the greatest amount of growth at 100C are also genetically most divergent (cultures V-236, V-233, and V-244 with 5 to 55% homology [16] is not resolved at this time. The level of relative reassociation of these isolates was not determined.
DISCUSSION
It is now apparent the FC-, I+, and P+ Klebsiella isolates may belong to a distinct taxon (K. oxytoca), and such isolates should not be considered taxonomically equivalent to FC-K. pneumoniae. A number of reports have compiled the incidence of FC+ Klebsiella derived from the environment and from human/animal infections (2, 7, 8 excluding those isolates that form a distinct taxon, the incidence in that survey of the FC+ response among human and aniimal pathogenic Klebsiella approaches 100%. In the same survey, 19 of 120 environmentally derived Klebsiella were FC+. One-third of the 120 isolates were 1+.
Thus, the actual incidence of FC+ K. pneumoniae from the environment was at least 19 of 80, or some 24% (2) . In this report, the corrected incidence of FC+ K. pneumoniae among clinically derived isolates was 85%.
It is our belief that the FC group II isolates can be separated from the FC+ K. pneumoniae. The vast majority of such isolates (95%) in this and our other survey (2) were derived from environmental origins and, therefore, would not appear with regularity in clinical specimens. On the other hand, the possible health significance of FC-, I+, and P+ isolates should not be dismissed either. Although their incidence is apparently higher among environmentally derived Klebsiella (2, 3, 7, 8) , they also appear with frequencies of 7 to 34% among human clinical isolates as well (6, 11, 13, 15) . In addition to this taxonomic and ecological distinction, it should be mentioned that clinical 1+ Klebsiella (K. oxytoca) differ from K. pneumoniae in their lower incidence of multiple drug resistance (11) . All FC-(2, 17) . This distribution of FC types could be attributed to a complex interaction between the time lapse since their deposition from fecal/clinical material and the mean temperature of the particular environment from which they have been recovered. In environments of lower temperatures, the FC+ isolates will likely be counterselected and eventually become displaced with the FCKlebsiella of groups II and III. The stability of the FC response measured over some 270 generations of growth (2) indicates that the natural environment will unlikely select for FC mutants of these group I cultures. The existence of such rare FC-group I isolates was demonstrated in this study, but such strains do not grow at 100C (Table 2) . Furthermore, the nutritional composition of a particular environment probably has little influence on selecting the various Klebsiella groups because isolates of various origins and FC types grow equally well in industrial effluents and in aqueous extracts of sawdust (Knittel et al., submitted for publication). In previous publications we have attempted to establish a hypothesis that the ubiquitous distribution of Klebsiella in the environment is responsible for the greater frequency of colonization of animals and humans. Others have illustrated that colonization gives rise to a greater risk of infection (15, 18) . This study has demonstrated the existence of at least three internally homogeneous groups of Klebsiella species and/or biotypes that have somewhat different ecological distributions. The most common groups in the environment (groups II and III) are encountered in human clinical infections, but at frequencies below that encountered in the "natural" environment. FC+ Klebsiella wiUl be most often encountered in cases of human and animal clinical infections. The latter observation should add further significance to the occasional FC+, environmentally derived K. pneumoniae isolate.
